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| 
| ABSTRACT: The purpose of the investigation was to determine the invariant proper- _ 
; ties of the S-matrix elementa previously derived by one of the authors (Faynberg, _ 
| ZHETF v. 47, 2285, 1965 and earlier). for an axiomatic formation of quantum field : 
| theory, and to obtain ‘dn explicit form equations for n-point diagrams in differ- : 
' ence or integral form, with the quasilocal term eliminated. It is shown within = 


; fixed. An analysic is made of the invariants on which the ve 
shell depend, the range of variation of these invariants in ¢ 
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the best. choice of independent variants in the case of an arbitrary n-point dia- 
! grem. The invariant properties of the retarded matrix elements of v-functions 
are used. It is shown that on the mass shell the v-functions depend in the 
Physical region only on invariant scalar products of 4-vectors. Equations in dif- | 
ference form are derived first for 3-, 4-, and 5-point diagrams, and the special | 
nature of the boundary conditions at the threshold and at infinity is explained. 
The method is then generalized to a 6-point diagram. The equations derived and 
the prospects for solving them beyond the scope of perturbation theory. are briefly ' 
discussed. Orig. art. has: 25 formulas. 


evs cou: /2/ SUEM DATE: 12Jun65/ ORTG REF: 006/ OTH REF: 005 


i 
t 
7! 


| 
| 
| 
| 
| 
at 
| 
| 
: 


cee ee han ee en 
a on 7 


Card 2/2. N W 


So ee ee ts rene een me 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8" 


"BPPROVED FOR jie sein eel eel cee REPS: sidan distal 8 


A Ty iar TReah Neate ema CED ACTA 


OZERSKIY, Z.1., dotsent; FAYNBERG, Ya, ohey kandekonomicheskikh neu 

A long-range palance of labor resources of the Sverdlovsk Economic 
Administrative Region. Tredy Wal. politekh,insts- no.1201 5-14 
61, - (MRA 1616) 


(Sverdlovsk Province--Labor supply) 
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6629 On the Cherenkov Effect and the Complex ler Effect, A, I, Akhiezer, 
G. Le Lyubarskit and Ya, B ainberg, Doklady Akad, Nauk 5,3,S,R.73, 55-8 
(1950) July 1. (In Husatan) 


Wave guides with specially devised metal partitions can be constructed in which, 
even in the absence of dielectrics, the wave phase velocity is maller thanc. A 
charged particle, moving along such a system with a constant velocity that exceeds 
the above phase velocity, generates electromagnetic waves, similar to those produced 
by aCherenkov electron in a dielectric, The simple case is examined of linear periodic 
structures forming a succession of cblis traversed by 4 particle through holes in the 
partitions. A general formula for the intensity of the radiaticn is first derived, 
then a special one for the case of a cylindrical wave guide, by using equations of the 
complex Doppler effect (Frank, Jzvest, Akad, Nauk §,S.5eRe 6, 2(1942) obtained from 
the radiation (fesonance)condition. 
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USSR/Physics - Waveguides FD-2630 


Pub. 153-21/30 


Faynberg, Yo. B and Khizhnyak, N, A. 
rT ceteetinmiaiel 
Artifically Anisotropic Media 


Zhur. Tekh Fiz, 25, 710-719, 1955 


Mathematical analysis of propagation of electromagnetic waves in 
waveguides containing an anisotropic dielectric is presented. 
Equations expressing E-waves in a cylinder with a periodically 
varying dielectric are derived and solved. Gratitude for discus- 
sions is expressed to A. I. Akhiyezer and K. D. Sinelnikov. Seven 
references, 5 foreign. 


June 15, 1954 
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ON THE INTERACTION OF BOUND FLECTROMAGNE TIC a : * ee 
RESONATORS WITH A BEAM OF CHARGER PARTICLES, 9 : 
A, L.Akilezer and Ye. B, Fainberg. Zhar. Tekh. Fis. 25, 

2516-25(1655) Dec, (in Huscfan) 

‘The (nvestigation showed that whea a beam of charged AY) 4) 
particles, with continuaus velacttics above a certain critical ear 
term pass through a chain of coupicd rescottors, the fluctu- ; 
atlog charge density and the velocities expand fn the beam 
in a ware like shape of Increaging amplitude. The clectrical 
flotd aleo resembles the expanding waves af increasing am- 
plitude, A connection wae established betweea the waves of 
increasing amplitude and Chorenkev radiation in slgSiels of 


or periodic structure. (auth-tr) Pte 
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VERKIN, 3.1. ,HIL'HER, A.S.; ROZENTSVEYG, L.N.; FAYNRERG , Ya.B.; KHOPKEVICH, 
V.1I.; SHELYAREVSKIY, I.N. ie) 


Sections of Experimental, Theoretical, and General Physics at the 
Department of Physics and Mathematics, 1930-1955. Uch. sap. KHGU 
60:63-79 '55. (MIRA 10:1) 
(Kharkov University--History) 
2 (Physics) 
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JAYNARRG , Ya.@. 


ad particle 
Charge density waves in non-uniformly moving charge ; 
esas. Uch.sap. KHGU = 64 no.6:31,34 '55. (MIRA 10:7) 
(Particles, Blementary) (Blectric charge and distribution) 
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Artificially anisotropic media. Uch.zap. KHOU 64 n0.6:35-36 
'55. (MERA 10:7) 


(Anisotropy) 
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Modifications cf the Linear and cyclical methods. 
of acceleration 


CERN-Symposium on High Energy Acceleratcrs and Pion 
Physics 


Geneva 11-23 June 56 
in Branch #5 
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Alternating phase focusing and use of Calasma waves 
ror accelerating particles 


CRA -Syyuposiur on High nergy Accelerators and Pion 
Physics 


Geneva 11-23 June 56 
In. Branch #5 


appeared in Nuclear Instruments, “o. 1, pp. 21-30, 1957. 
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USSR/Electronics - Gas Discharge ond Gee-Discherce jApraretus H-7 
Abs Jour : Rof Zhur - Fizike, No 3, 1957, Wo 7148 

futhor : Akhiyozer, 4.1,, Lyucarekiy, G.fr., Feynber-, Ye.B. 

Title : Contribution te Nenlinerr Theory of OselIIctions in Flesce 


Orig Fub : 


Abstract 3 


Card 


Uch, zor, Khar'kovsk. un-ta, 1955, 64, 73-80 


Owing to the etherraticr] difficulties, encountered in the 
solution of the rigorous nonlineer froblen of the cscil- 
Intions in ples‘s, tho ruthsrs restricted thenselves to the 
consideration of three perticuler ceses, They studied os- 
eillations occurring unen interection of an clectron ber: 
with the plrsvr rt ebsolute zero. They considered the cx- 
citetion of plas:s ty en infinite chrrged planc. A consider- 
eble portion of the work is devoted to the considerstion of 
nonlinoer oscilletions oxcitud in plasita in the cerses of ter- 
poreture other thrn zero. While in the first two cases the 
hydrodynai-ic erproxi-etion wes usod oxclusively, in tho 
latter cose the plrei:e is represented by the kinetic equeticn. 
The results cbteined ere co prred with the results of the 
linear theory, 
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FAYNBERG, Ye. B,, AKHYEZER, A. I., LYUBARSKIY, G. Ya. 


"Cerenkov Radiation and the Stability of Beams in the Wave Guidés 
of Sjow Waves used in Linear Accelerators," paper presented at CERN 
Symposium, 1956, appearing in Nuclear Instruments, No. 1, pp. 21-30, 1957 
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X FAYNBERG, Ya. B. 


"The Use of Plasma Waveguides as Acceleration Structures 
in Linear Accelerators" paper presented at CERN Symposium, 1956, 
appearing in Nuclear Instruments No. 1. pp. 21830, 1957 
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AUTHOR FAYNBERO, Ya,B. KHIZHNYAK, Node ut: 
TITLE “The Energy Lesees ef a Charged Particle at its Transition threugh a 


Layer-Shaped Dielectric I. 
(Peteri energis zaryazhenney chastitsey pri prekhezhdenii cherez s] oi- 
styy dielektrik, I, Russian) 


PERIODICAL Zhurnal Eksperim, i Teeret. Fiziki, 1957, Vel 32, Nr 4, pp 883 ~ 895 
: (U.5S.S.R.) 
ABSTRACT Let the particle be in uniferm matien in the layer-shaped dielectric, 


The paper under review determines a general expressien fer the lesses 
when the particle is in metien in a layer-shaped medium and in a wave 
guide (charged with a layer-like dielectric). At the unifern metien ef 
& particle threugh a layer-shaped (periedic with respect te space) me. 
dium it is pessible te realize cenditiens under which a ferced para- 
metric resenance takes place. The parametric Cherenkey effect then pre. 
bably has different characteristic preperties, In Censidering the energy 
lesses ef the particle in the layer-shaped medium, the authers ef the 
paper under review start eut frem a system ef Maxwell equatiens descri. 
bing the interactien ef a charged particle in uniferm metien with the 
electromagnetic waves Prepagating in this medium, The ansatz fer the 
selutien fer the Cempenents ef the electromagnetic field is made in the 
ferm ef a Feurier's integratien,- the ceurse of the Cemputatiens is dis 
Card 1/2 Cussed step by step and then the parametric Cherenkey radiatien is in_ 
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56-433 /52 
The Energy Lesses ef a Charged Particle at its Transitien threugh a 
Layer-shaped Dielectric I. 


vestigated, If an isetrepical dielectric is decempesed inte layers, the 
frequency widens te a frequency band, and in this ) a streng Cheren.. 
kev radiatien takes place. The energy lesses caused by the radiatien in- 
crease and beceme cemparable te the pelarizatien lesses. In the usual 
dielectrical, the lesses caused by pelarizatien decrease enly in very 
thin layers. (Ne repreductien). 


Physical-Technelegical Institute, Academy ef Sciences ef the Ukrainian 
SSR, 


29 April 1956 
Library ef Cengress 
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PERIODICAL: Atomnaya energiya, 1959, Vol 6, Mr 4, pp 447 - 452 (ussR) 


ABSTRACT : By means of nonlinear methods of approximation the propa- 
gation of electromagnetic waves in a narrow plasma wave guide 
is dealt with theoretically. fhe dependence of phase velocity 
on amplitudes is derived and determined. The problen 
concerning frequency multiplication is investigated and an 
expression is found for the amplitude of the second harmonic. 
The nonlinear effects offer a new possibility of influencing 
the phase velocity of waves by amplitude variution. In this 
way it is possible to attain both radial and phase~-stability 
in the accelerator. This influence makes it possible also to 
modify microwave amplification and -productiorn. The results 
obtained were discussed with K. D. Sinel'nikey and A. I. 
Akhiyezer. The paper was submitted to the scientific 
council of the FTI AN USSR (FTI, AS UkrSSR) in 1956. 

There are 6 references, 3 of which are Soviet. 
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AUTHOR: Faynberg, Ya. Be 

Se ore 
TITLE: Interaction between charged-particle beams and plasma 
PERIODICAL! Atomnay4 energiyas > 41, no. 4, 1961, 315 - 435 


TEXT: The article reviews material published on the problems of controlled 
thermonuclear reactions. Besides the author, y. I. Kurilko, a 
I. F. Karchenko; and V. D- Shapiro contributed material. First, excita- 
tion of plasma oscillations py a charge le beam and instability 
problems are discussed (instabilities ffect when 
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{instabilities due to anomalous Doppler effect} g due to normal 
Doppler effect). Conditions are given for the o f instabilities, 
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sidered are poundary effects, no erning 
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rimental results is given and, finally» theoretical and eXx- 

perimental results are compared. This comparison shows that (1) most of 
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A. V. Gurevich (Zh. eksperia. 4 teor. fiz. 39, 1297 (1960) )3 

A. I. Akhiyezer, G. Ya. Lyubarskiy, R. ¥. Polovin (Zh. eksperim. i teor. 
fiz. 40, 963 (1961)); L. D- Landau, Ye. M. Lifshits (Mekhanika 3 ploshnykh 
sred - Mechanics of continuous media, M. Gostekhizdat, 1955)3 

Ya. B. Faynberg, V. I+ Kurilko, V. D. Shapiro (zh. tekhn. fiz., 31, 632 
(1961)); G- I. Budker (Atomnaya energiya, n0- 1, 5 (1956))5 O- G- Zagorod- 
nov, Ya. B. Faynbergy B. I. Ivanov, L. I. Bolotin (Zh. tekhn. fiz., Sty 
574 (1961)); I. Fe Kharchenko, Ya. B. Faynberg, R. M. Nikolayev, 

Ye. A. Kornilov, Ye. I. Lutsenko, N. S. Pedenko (zh. eksperin. 4 teor. 
fiz. 38, 685 (1960)); A. A. Zaytsev, G. 5. Leonov, I. A. Savchenko (Zh. 
eksperim. i teor. fiz, 36, 1332 (1959) )s Me D- Gabovich, L. L. Pasechnik 
(zh. eksperim. i teor. fiz., 36, 1024 (1959)); Ye. V. Bogdanov, 

VY. Ya. Kislov, Z» S. Chernov talaiotexhnika i elektronika, 5, 229 (1960) )5 
I. F. Kharchenko, Ya. B. Faynberg, R. M. Nikolayev, Ye. A. Kornilov, |. 

Ye. I. Lutsenko, N. S. pedenko (Zh. tekhn. fiz-y 31, 761 (1961)). There 
are 6 tables and 79 references! 52 Soviet and 27 non-Soviet. The four 
most recent references to English-language publications read as follows: 
L. Spitzer. Phys. Fluids. 3, 659 (1960); P- Sturrock. Phys. Rev.» AND 
1246 (1960); M- Allen, G@. Kino. Phys. Rev. Letters, 6, 1635 (1961) 3 
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n diameter, was 


TITLE: Interaction of strong © 
PERIODICAL’ Atomnaya energiya, V« 11, no. 
PEXT; The enerey losses of a nonmod 
an air plasma were determined. Beam volta 
electron density (7-9) +10 cm” 

3.10744 + 10° mm Hg. The quartz plasma tube, 
so that the greater part of the plasma was outisd 


field (2000 oe). The electron gun, a LaBg disk 10 mm i 


etic field and was with voltage pulses of up to 
Oo cycles. This 


perpendicular to the magn 

30 kev, & width of 3.5 psec, ana repetition frequency of 5 

gun was able to produce current pulses of 9 a at the plasma chamber input, 
where the focusing field was 4200 oe. In the field-free region amperage 
decreased with increasing flight path down to 2 - 3 a due to Coulemb 
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ylindrical cavity 


interaction. The plasma density was measured by a ¢ 
yr limit of measurement 


excited with a TM 0 wave from a klystron- The uppe 


was 4-10'°cm™?« Its value during the passage of current was determined 
from the plasma decay laws n= n,exp(-t/)s where t is the mean time for 


gma decay and n, the density at t=0. The straight line n(t) was drawn 


ts and extrapolated toward t=#0. Maximum electron 


pla 


from three measuremen 
=. while the value 9*10'°cm™? resulted from shf- 


urements. The electron energy spectrum was recorded 
{llograph- These spectra 


density was 7°10'Com 
interferometric meas 
by means of a beam catcher connected to an osc 
were investigated at the input and eutput of the plasma tube, and for 


pressures of 4-107? and 35-1074 mm Hg, for which losses reached 11% and 1% 
of the initial energy» respectively. Conclusions: Energy losses increase 
with plasma density and with current, and are proportional to the electron 
mean free path in the plasma. Calculation of losses due to elastic 
collisions between electrons and gas nolecules yields 10.04 ev, and} ev 
for those due to inelastic collisions. Coherent jnteraction, nowever, 
causes losses of 3.2 kev if self-modulation of the beam is assumed to reach 


Card 2/3 


APPROVED F : 
OR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8" 


"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8 


ae ee ance magmas 
pan eerie, Lat aba mee. om. — : : 


5 / Gad) 1/011/006/001/014 
2/B138 
Interaction of strong... B102/ 


i riments. There are 6 figures 
areas? deo: BETTE eT cic eeviet. The four ae ahr an 
ang Me ae publications read as follows: D. Bohn, E. Oe tees 
aioe ey 1864 (1949) 3 D. Bohm, E. Gross, Phys. Revs 2s. 
Psa) L. Veksler, Proc. Symp. CERN, 1, 80 (1956); M- F 
§. Brown, Phys. Rev-, 75, 1700 (1949). 
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AUTHORS; Zagorodnov, O. Gey Faynberg, Ya. Bey Ivanov, B. Ie, U8, Vo Sey 


and Bolotin, L. I. 


TITLE: Non-linear effects in the propagation of electromagnetic 
waves in a plasma waveguide 


PERIODICAL: Zhurnal tekhnioheskoy fiziki, v. 31, no. 5, 1961, 574-576 


TEXT: An experimental study has been made of non-linear distortions of 
sinusoidal electromagnetic waves in a plasma. Non-linearities of this 

kind occur when the velocity of the plasma electrons interacting with the 

wave becomes comparable to the phase velocity of the waves. The experi- 8 
ments were conducted with a cylindrical plasma column of 1 om diameter 

and 160 om length, produced by a d-o discharge in mercury vapor within a 
longitudinal magnetic field. The signals at the input and the output of 

the discharge tube were conveyed to a double-beam oscilloscope. The 

dependence of the ratio a /a, (a, - amplitude of the i-th harmonic) on 


the spacing of the two spirals exciting and receiving the electromagnetic 
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waves (see Fig. 1) shows that a sinusoidal signal undergoes distortion at 
a distance of 10 om and acquires & sawtooth shape. Fig. 2 shows By/ 8, as 


a function of a, for different amplitudes of the input signal and different 


densities of the plasma. It was found further that non-linearities are 
also produced by a decrease in plasma density, due to the decreasing phase 
velocity of the waves and the growing amplitude of the signal in the 
plasma. It is concluded that a sinusoidal signal is distorted by a non- 
linear plasma. The sawtooth signal observed at the output undergoes 
further distortion with inoreasing non-linearity. There are 4 figures 

and 4 references: 2 Soviet-bloc and 2 non-Soviet-bloc. 


ASSOCIATION: Fiziko-tekhnioheskiy institut AN USSR Khar'kov (Institute 
of Physics and Technology, AS UkrSSR, Khar'kov) 


SUBMITTED : July 30, 1960 


Card 2/AQ_ 


FP mt ste Ps 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8" 


"APPROVED FOR RELEASE: 08/22/2000 


a] = ES Sta tar esa 
Bbc 


arr Tohono ata tal arian 


2 UTE aS arene poe 


23717 
s/057/61/031/006/001/019 


a) . B109/B207 i 
Dy, 2).20 (2717, TH, NEP) 9 co 

AUTHORS: Faynberg, Ya. Be» Kurilko, V. I+» Shapiro, v. D. j 

TITLE: The character of instabilities in the interaction between f 


charged particle peams and plasma 
PERIODICAL: ghurnal tekhnicheskoy fiziki, Ve 31, no- 6, 1961, 633-639 


TEXT; The problem of convective and absolute instabilities 4s treated by 
the method of L. D. Landau and Ye. M. Lifshits (Mekhanika sploshnykh sred. 
GIITL, 1954). In papera by A. Ie Akhiyezer, Ya. B- Paynberg (DAN SSSR, 64, 
555, 1949; ZnETF, 21, 4262, 1951), D. Bohn, E. Gross (Phys. Rev-, 75s 1851, 
4949), and G. I. Budker (Atomnaya energiy®, 1, 5, 1956), the solution of 
equations for small vibrations was formulated in the form 


old, t) = @lys a)erikx-st) (1) 


with the criterion of instability for the existence of complex roots of 
the dispersion relation o(k,o)= 0. The question as to the character of 
the occurring instabilities remains, however, unsolved. According to 

Landau and Lifshits, & distinction should be made between convective and 
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the behavior of the integral 


( exp { - iw(k)t} dk (4) 


: -o 
plays the decisive role. 
Landau and Lifshits, which, 
Pp. A. Sturrock (Phys. Rev.» 412, 1488, 
parts oa(k) of the dispersion relation; 


integration of (4) 
the integral 


g-plane (Fig. 2) with 
: -iwt do 
e do (5). 
dk 
corresponds to this path of integration. 


the examined sheet of the w(k) planes Po 


tion; consequently, (5) takes the form 
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the range wily remains; hence, 


de | ~ dts ey fs a] 
= [2 aa|_0--d] 
3 


; . ra 
du 2e "3 — 2 3 : (6) 
ete! —— = ——— 7,77, : | ¢ “te 
dw a dty ts vz { dtw rn” 
a. dE — dks} o [2 “dk | 0¢ 
a "s “3 my . 
All other o(k) are treated in the same way. Then, a cold plasma (density 


no) interacting with a monoenergetic electron beam of density n, and 


velocity v, is considered. 
¥ (v>0), the dispersion relation acquires the form 


After introduction of the usual frictional 


force MYopp 


1 j a om 
Ta TWH We oh qr) 
kV, ‘oq. dna? 
X=si Yo aes ae axa; oo ale 
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The points to be surrounded are,det rmined by ; 
1+ ve Pe 4) 
oe 2 
per 2 y 
a ——— 
~ (III 
T daye ) 
+ 1+0 ue i 
x = -iv- pase. 2 
per Vo 
: va 


, which, together with (6), might lead to an 


time, are meaningless (type Wa) 3 


onvective (Tak mechanism). . 
{fon relation with the . 


. + 
(Fig. 3). The points Kner 
exponential increase of perturbation with 


50 in the case V<O the instability ie ¢ 
other than zero, the dispers 
lifying assumptions reads 


1 a =1 
pri X-F 
BV, == Vi.5 8M = wo X=0; Y= kV. 


here and al 
At plasma temperatures 
usual notation and simp 


(7)3 
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. if <a ¢1, one has 
En | 
Xoer = a eopat/2et™ +2p7/2a'/4e? f m=0, 1, 25 3. 
jace™ 3 i 7 
_ tl yt/4e2 Beotfee so. 2 
Y {a e + 4° + 32 “74 e 


per 


: (xv), 


which again results in a convective instability. Small vibrations in a 
system consisting of two oppositely directed beams of charged particles, 
are described by the following dispersion relation: 

wo? 2 


1 “2 _ An te 
wo GE mH (VII); 


where Nn, 5 and v, 2 denote the density and velocity of the beams. On the 
, ’ 


assumption that V, =Vo2 and n, =o» it can be seen that if t —7*% (4) 
exp (ot/2) (non-convective case). The instability is also 


increases as 
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AUTHORS: Kharchenko, I. F., Faynberg, Ya: Ts: Nikolayev, R. M., 
Kornilov, Yee A., Lutsenko, 18> 7) and Pedenko, N. S- 


TITLE: Interaction of an electron beam with a plasma ina magnetic 
field 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, V- 31, nOo- 7, 1961, 161-765 


TEXT: The interaction between & beam of charged particles and a plasma 
has great physical and technical significance and is therefore subject to 
the present study. In a plasma in 4 magnetic field, an electron beam may 
interact with both E and H waves. Moreover, parameter resonance may occur 
since the arising waves lead to 4 change of the parameters which is 
periodical in space and time, When the frequency of the plasma particles 
stands in a certain ratio to the frequency of the electromagnetic field 
forming by seif-modulation of the electron beam when moving through 4 
plasma, parameter resonance is possible. This ratio between the frequency 
wof the longitudinal waves, due to the interaction between beam and 
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Qu, 
plasma, and the cyclotron frequency Uy is given by W= a or by 


y of the wave in the beam, Yo the 


P 

velocity of the beam (paty2eseer)> However, also other instabilities may 
arise when an electron beam interacts with a plasma. The experimental 
arrangement for the present studies provided a 50-ma eleartron beam (5 kev) 


to interact with a plasma in & vacuum of riggs 107 mm Hg. The magnetic 
field atrength during the experiment was 2000 gauss. The results showed 
that at certain magnetic field strengths the electron beam becomes unstable, 
which leads to & widening of the glowing plasma (from 3 to 30 mm) and a 
decrease in the beam energy: When the electron beam was pre-modulated on 

a frequency 0 instability occurred at four magnetic field strengths 


4 
ectron-cyclotron frequencies of om? fw ae and 
was only a few per cent of the 


on, _ YH 
7 6 = —= where L is the periodicit 


corresponding to the ele 
i fae The width of these unstable ranges 
The h. f. oscillations gen 


cyclotron frequency. erated in the unstable zone 
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in the beam (1800 to 3000 Mc/sec, half-width 30 - 50 Mc/sec) offer the 
possibility of obtaining millimeter waves by further increasing the 
magnetic field strength. Further results are announced to be given in 
a following paper. ‘This paper was reud at the Second Conference on 
wagnetohydrodynamics, Riga, July 1960. There are 3 figures, and 8 ref~ 
erences: 6 Soviet-bloc and 2 non-Soviet-bloc. 


ASSOCIATION: Fiziko-tekhnicheskiy institut AN USSR Khar'kov (Institute 
of Physics and Teshnology AS UkrSSR Khar'kov) 


SUBMITTED: October 3}; 1969 x 
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AUTHORS: ° Akhiyeser, A. I., Faynberge Yee Be ap oe eee 
TITLE: ‘ Linear acceleration of charged particles (introductory article) 
“SOURCE  peoriya ij raschet Lineynykh uskoriteley; sbornik atatey. ‘Pis.- a 


* cara 1/2 


u tekhn. ingt. AN USSR. Rd. by T. ¥. Kukoleva. Mosco¥, 
Gosstomisdat, 1962, 5-18 | oe 


TEXT; The development of linear accelerators since 1946 has been promoted:; Sj": 
by the disadvantages of cyclic accelerators, vise, large magnets, large Rye 
radiative losses in high-energy electron acceleration, low amperage of the: 
particle beam. The magnetic systems of linear eccelerators need not ve Ras aes 
large. Such accelerators eneure continuous operation and high phase — ge ae 
atability; aleo they furnish guch heavier currents than cyclic accelerators. ~ te 
They produce almost no radiation, and can be extended by adding on sections. 

Hitherto it hae not been possible to combine. radial stability with phase “~~ 
stability, but even without special focusing thie will be rendered. poseible *<- 
in plasma wave guides. The highest electron energies achieved using linear — 

accelerators are~ 660 Mev. Linear proton accelerators of 150 to 1100 Mev : 


my 
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and linear ion accelerators serve as injectors for cyclic accelerators. De Ges s: 
Linear acceleration up to several Bev is thought possible. Self-stabilizas ©) 
tion of phase allows of accelerating many injected particles. The following. ~- 
types of linear accelerators now existt (1) Periodic structures of wave-, — aut 
guide accelerators with perforated metal discs are at present the nost ON a. eta 
_ effective accelerators where phase velocities are extremely high (ve) ved 

ae 

Ah 

it 


"Linear acceleration of... . 


yates 
, a ee 


These are ineffective for low phase velocities (v,,/0 10.3 to 0-5)- (2)- 


When filled with anisotro ic dielectrics, waveguides can also be used for 
low phase velocities. (3) Periodic structures with drive tubes epaced ys, 
along the axis are very efficient for Von? O99 to 0.4. Disadvantages become pees 


manifest if the length of these accelerators or the phase velocity is in- as vn 
creased. Small local changes in the parameters of an individual element (°° 
affect the field strength considerably, because of the strong coupling - Te eriaess 
between the individual elements. (4) Slow waves can be produced using =. - 
helical waveguides. oS He as ms ae 
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TITLE: The dynamice of oharged partioles in a linear traveling-wave Af aa fo 

; accelerator ; vad i 

SOURCE! Teoriya i raschet lineynykh uskoriteley, sbornik statey. Fister |: 


tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, 
Gosatomisdat, 1962, 19 = Ly a : 


TEXT: The radial and phase stability in the acceleration of particles i os . 
(especially protons) by the field of slow(V, <c)traveling wave (super- 


i 
position of E wavee and H waves) in linear soceleratore je investigated by |. 
integrating the equation of motion for the’ particles.: The present results) he 
are valid aleo for the acceleration of electrons to low energies oF in weak 


fields. The Lagrangian L = ono7\1-¢" + (e/c)K¥ -e9 yields the equations of 
longitudinal and radial motions a a Be S 
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{ome fe as . 
fm =: = eLigk, cos}, (1— Rte - 
de Vi-k 2 f] | , (10) pie at 
ii Alea to (+)'] : ; ack ; | ‘d : 
a 4 J r ie u i (11). ; : 
4 Tk = ¢E, sin [oto f 5 +9]: 


: k,r703. 
where the Bessel functions are replaced by their limite: for 1 ; ee 
41, 1,(k,r) =k r/2. vy, ie the phase velocity of the wave, | 
oe. pane a/v?) - (w*/o*), py, is the synchronous phase 
frequency, ks s a/vys k, o 8 Ys Pe 
and E. is the accelerating field strength. For anmoving pa = , he j 
: - ods, 
field hae the phase y(t») 2 wt - ws(da/vp(s)- E, se eT ne A 
r the adia 
holds when the criterion av, /da€ ol okt )/e gry (e47) fo ; | 
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‘ magnetic field of the wave. In the nonrelativistic case, 
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41), the radial defocusing forces can be diminished by the longitudinal . 


Ug (2) = 04(2); GP 0g = Gee (168) 


} 
i 
H 
aa 
ighate axe 
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' 


hoids for the phase motion when the adiabaticity condition is fulfilled. - 
The condition of phase stability ie O<y, <x/2. The phase oscillations are 


given by 7 suede + | 
. e~ (aeer)” cos [y( 2)" a] -, - . pe { V Z 


! 
Va 

t 
“Us (0) A 


when the WKB method can be applied. In the rélativietic case 
: 4 v0) 7 (0) $+ £ COSY sn | 72 ; 
Vo 4 any ear vito [ae] cos [fad +a]. a4 
; i 
holds for emall phase deviations. The velocity épread te ws (1-p2)/ 4 se the 


WKB method can be applied. In the extremely relativistic case, linear’ 
‘cara 3/4. | 
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accelerators can operate without phase stability. The radial motion in 
linear acoelerators is given by a . ss | ee 
ap [20)"[[er cen fame or 
. . ( . aN 
— Jamae. 


ent. 
The electric field has an accelerating component ‘5, and a radial compon e - “ 
E Even synchronous particles can be defocused in linear accelerators. ‘ # 
3 4 . e stability. 
The condition for radial focusing is (neE /mB,X)oosy, <0 Phase sti y 


cannot be attained simultaneously with radial stability without special 
focusing. The present paper was written in 1947. 
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SOURCE: Teoriya i raschet lineynykh uekoriteley, sbornik statey- Fis.-. Se 
tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, ere a 
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'- ping or another non-closed curve. The accelerated particles are kept. in: . ae 


” Radial and axial otability is attained in the way customary for oyclic 


““..” energies can be/attained in systess of large radius and comparatively 9 : | 4 


t 


| 


 . pExts A type of accelerator combining the advantages of cyclic. and linear 


Gard 1/3 a ; we. Quliced Oe apes eae SeSSa 


accelerators is discussed. It is a linear accelerator pent toa nonclosed — 
‘their trajectories of constant or variable. radius by 4 magnetic field. - 


accelerators. Phase stability oan be achieved using the dependence of the. 
revolution period of the accelerated. partiole@ on their frequency. High) > eee) 


moderate field strength (w1 kgauss for 1 Bev). The condition of phase ~ ie 
stability is ee » evar k/t ‘where 2, ie the frequency of the phase ian are: oe 
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oscillations and N is the number of the periods of the linear accelerator. 
‘(Phe frequency of the generator oan be kept constant by varying the 
structural period of the linear accelerator. The advantages of such 
_., accelerators are simplicity of injecting and extracting particles, con- | 
co siderable increase of the beam ourrent, constancy of the generator frequency 
and of the magnetio field strength. The energy gained per revolution is of © +. 
_ the same order of magnitude as the total energy. ‘The magnetic field is a 
“function.of radius and angle. When the quasistationarity condition 


2 /aRK de fuititied and shen the magnetio field strength and the number No.” / 
of the periods of the accelerating system very, Slowly, O.* Ke, is the con- UE 


‘ dition of synchronism between particle and wave. The generator frequency’: 
‘ therefore, is significantly higher than the. Fevolution frequency of the © 
‘particle. The radial deviations Ar, for radial-phase oscillations and bry 


for free radial oscillations can be diminished: significantly to Ar, = 1-6 ca 
and Ar, = 1-5 om. Rather large variations in momentum and in amplitude of 


a the phase oscillations then correspond to small radial variations. Near the 
i end of acceleration, the amplitude of the radiel oscillations decreases by 


| Card 2/3 See. ee ee ee 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8" 


oBPEROVED FOR RELEASE: 08/22/2000 CEASE: asada oaicrontne ia 8 


beets SOEs ESP y iene ot eS on Ta sear Ro sitecever rissa hpescaae eS Ee ae 4 emanate: 


Ge oe ee ee Ok es mse : 
Lf: A poseable. modifidation of ‘the... mie) B102 ‘ 


Card 3/3 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8" 


"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86 


7 ELEY RE Be Ne BREEDER: = 
Ree Oe i a eeiay a ease BES ie SS ORS EE BE SEE NS DE 


-00513R000412520009-8 


ues a . 

. Pe eo gest Z F Seceaane 1876 ‘ : .. r 

| < . : w/ ass) ca/ooe/ ean ORT - 
| 99, L749 B125/B102 ae 
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TITLE: - prebunohing and dynamics of a proton bunch in @ linear 
accelerator ; . : : . 

SOURCE: Teoriya i raschet Lineynykh uekoriteley} sbornik statey. Fis.- =: 
tekhn. inet. AN USSR. Edy by [. V. Kukoleva. Moscow, . 
Gosatomizdat, 1962, 114 - 130 — f. 


TEXT: It is shown that a linear accelerator can have @ low injection energy. a 

of w0.5 Mev whilst furnishing large currents of w10 to 50 ma- When the ~ 9°. : 

mean aocelerating field strength is 20 kv/om a focusing magnetic field of ~ wees 
15,000 oe is needed in the initial part of the accelerator. This ‘focusing A 
field becomes rapidly weaker with increasing particle energy. The efficien- 
cy of ion capture 4a increased by flystron bunching. When particles in a 

: bunch that was originally homogeneous in velocity and density pass along a 
segment under eanm field, and immediately afterwards through a field-free : 
drive segment, they are accelerated at different rates and form bunches of 
charge density. The preaccelerated particles must enter the accelerator at 
Card..1/3 . ar ree re adit 5) 
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.. siderably better than short wide tubes. According to experimental studies 4 = i. 
| 
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‘constant when the gap.between the drive tubes is varied, and it increases 
. slightly when the outer diameter of the drive tubes is {ncreased. The 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8 


[CEE Ter a Bee 
— SHE SSN BSG CRIES RST GARR 


Renn? 


ee eon ee : byscager 3 


s/061/62/000/000/007/022 
Prebunching and dynamice of... B125/B102 
the focus X, . v/a ‘a= eu/mv’. U sin gt is the modulated voltage 


applied to the acceleration segment, + the instant when the particle enters 
the segment, and Vv, the initial velocity of the partiole in the bunch. The 


greater the angular width of the group of particles, the tighter the burch — 
is pinched on (iystron bunching. If bv, ie the initial velocity spread, — 


then the phase range covered after bunching by particles entering the bunoher bo 


with a velocity of v, + Av, in the phase range 2y, is ° or, L ‘ 
qe 2y,(1 - (siny /y)(1 - 3av/v))+ The effective accelerating field on | a0 
the accelerator axis oan be undesirably attenuated by unequal attenuations : : 


of the fields on the axis and on the periphery of the gaps and also by a; .. 
shift of the field into the drive tube. Long narrow tubes screen con- 
in the Institut khimicheskoy fiziki AN SSSR (Institute of Chemical Physics . 
AS USSR), the mean value of the electric field atrength on the axis remains 


problem of multiple gaps cannot be solved from the data available at present. 
The. decreases in the depth of the potential well and in the angle of 
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ineidence, induced by space charge, are caloulated on the basis of the model , 
of an ellipsoidal bunch with slowly changing dimensions. Stable equilibrium | 
_ corresponds to the ‘synchronous particle phase 9 = 9+ | In that model the. ; 


- foousing magnetio field reads 
WA\2 med [ae fg 2? . vi-# 1 : 
(4) = aan a) ae ge tee (4.1). 
a 


ehee ete. Ge Gd 2 ree Sf 
eee =e , : +o (ze) a—a}, ; an: ne 
. we 2nc/n ie the frequency of the r-f field, 21 the length of the bunch and 

' QRthe frequency of the radial oscillations. «The magnetic fields needed for 

' 4njection energies of 0+5, 18-75, 145 and 350 Mev are 14.5, 7-6, 6.2 and. 

'. 5.9 koe. The values Af/f = 2% for the initial relative velocity spread in. . 

the bunch, and a =°2,2010°* for the modulation. factor of--the buncher sre 
obtained. There are 9 figures, ea ar 
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TITLE: Electron counterflow focusing in a proton accélerator | 
= “SOURCE: Feoriya ,i raschet lineynykh uskoriteley; sbornik statey. Fis. 


Ops tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, 
“ Gosatomizdat, 1962, 131 - 146 


_. EXTs A theory is developed on counterflow focusing of a proton bunch 

-: (Nature, 168, 762, 1951). Radial focusing is achieved by the electrostatic # 
field of the electron beam, which has to be atronger than the defocusing - a: 
r-f field. Furthermore, the scattering of the eléctrone from the background 

gas is studied, taking space charge into apcount. The minimum amperage of 

the bunch ia Joy, = (1/2)(vE/BA)sing, « vy is the electron velocity averaged 


over the period of the r-f oscillations, %s the synchronous phase, of the 


| proton velocity, and’A the wavelength of the r-f field. The h-f field of 
the accelerator is taken to be a traveling wave of amplitude Eo frequency 


wand wave vector k(z). The canonical variables Q and P are introduced: © 
| Gard 1/3 
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af 2u of = wP. 2u 
“oe ap” ‘av. ~ t)u Ps az vu’ where:t<s Palsy S +): ahee ee 
° ax ° ws 2 , co 
- 1 Pat, dQ a 
fo o— | —! : : af 
“ ; AH, =| dt On (1.15), 2 : py 
. Ue : f 
_ of aH, oH, : : oh ee 
if H, . H + at and 7" So au, a cange of H, ee a period during mee = 
Q changes by 2%. us» (1+ az) , as 2eEcosg, /iv) > 0, and ¥, is the aia \ “ 


injection velocity of the protons. When E« 18 kv/om, ¥ = 3.3°107°c, 
7° 20° and A» 150 cm, H, increases nearly, linearly with H). The larger ; 
B, the larger H,. aH,/H, 2107 holds in the initial stage of the motion of 8 


the electron. The greater the velocity of the electrons in the bunch, the 
greater must be the density of the electron bunch needed for focusing. The - 
total amperages under‘the present conditions at injection energies (mo "(6 -1)) 
of 1, 10, 50, 70 and 90 kev are 3.5, 169, 162, 1.06 and 0.7 a. aa 
S. Chandrasekhar's methods give 
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s] . a 
for the mean square deviation of the electrons from the accelerator axis. ace 


Nis the number of gas atoms per ci Z the nuclear charge and - 2 ; 
ss * 0-53°10 ~3 om. For Ax® <1072 cm, the magnetic field must be greater. 


than 645 gauss. The effect of collisions on bunch broadening is completely" | 
compensated by increasing the magnetic field by 10 to 20 gauss. The : i 
significant divergence of the bunch as a result of space-charge. repulsion: e: fae 
ide not impeded by this slight inorease in field strength. This paper was. 7: — oe 
| 


written in 1953. There are 1 figure and 4 tables. 
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ae a eee 
" PITLEs : The possibility ‘of simultaneous radial and phase. ptability in. 


a linear accelerator without special focusing devices 


SOURCE: Teoriya ‘t canoe’ lineynykh uskoriteley; abornik: statey. Fiz.- 2 
tekhn. inst. AN US ‘Ed. by EoNs Kukoleva. Moscow, eres 
2» 8 _ Gosatomizdat, 1962, 164 - 173 °° °° ; : 
TEXT: . The paper eatin: with Santeriae simultaneous radial and phase ~ ie T 
stability by generalizing the method of focusing that employs alternating ; 
-foousing and defocusing lenses to cover longitudinal and phase focusing. 
In a linear accelerator, simultaneous radial and phase stability is impos 
oe without additional focusing devices when IR, t|<€1 and the signs of 


9 and Q? are fixed. Re and St are ‘the frequencies of the radial and longi- 


: paddiud nef seoiiiatinea’ the. radial d longitudinal motions in traveling 
wave accelerators are described by (q + £(t) +@ 30 (14) and 
t= f(t)r/2 © 0. (15), with . 
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tio tte siti olo('—fo | (12) 


2 
t “a 13). 
i : Qe La. |. . (13) 7. 


These two equations can be stable simultaneously. Y¥hen- the synchronous 
phase oscillates harmonically with a frequency %, where Stis smaller than’ 
‘the frequency of the r-f field, 0 and (15) go over ane tw Mathieu 
equations, and thence, with A «= 2 -2naE of By (3, ), St = 24 and 


any? «.2P, into the canonical hae, ete (a2y/ax) + + 2Pcos2ty. = O° 
(24). When P is small, simultaneous stability of the longitudinal and 


radial motions is possible. The frequencies Se we Yan /2 and *) PANB)SE/R- 


increase with the number n of r-f field periods during one oa of 

the secondary phase. ‘They differ but little from the corresponding frequen- 
cies on foousing by foils or grids. n can be so chosen that the frequencies 
of the phase oscillations. and the radial oscillations are sufficiently 
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4 


large. For acoelerators having an axially symmetrical field of any shape, | 
i.e. no space charges, the basic problem once more comes down to ensuring — 

the existence of two stable domains for ‘the solutions of 4 + f(t)q = 0 (28) 
and ¥ - (f(t)/2)r = 0, where f(t) is a periodic function. When Pdt = 0, 


A) 
where P(t) is periodic (period w),.there are always stable solutions to. 


equations of the type a?y/at* » P(t)y. When the periodicity p of the solu- . 
tion is small, the period $e of the stable oscillations is proportional to, fy. 2 
and the domain of the stable solutions is independent of the sign of jp. 1 
This is precisely the reason why the radial motion and the phase motion can 
_ be stable simultaneously. The frequency is greatest when P(t) is a sine 
‘function. The work discussed here is useful in dealing with accelerators of 
high field strength, but demands that the parameters be strictly adhered to.. 
The paper was written in 1953. There is 1 figure. : = 
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TITLE: The possibility of using traveling-wave linear accelerators to ies 
accelerate heavy particles R nee = 
SOUaCE:. Teoriya i raschet lineynykh uskoriteley; sbornik ‘statey. Fiz.= ne 


tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, é 
Gosatomizdat, 1962, 174 - 185 - 

TEXT: The efficiencies of standing-wave and traveling-wave linear proton me 
accelerators are estimated by comparing the specific losses in rf power, | 7 
A comparatively long time T, 7 60 pseo elapses before the stationary state. 


has become established, and this prevents the use of magnetrons or Klystrons 
for supplying traveling-wave accelerators. Break-down phenomena between the 
drive tubes precludes increasing the mean accelerating field or shortening i 
the accelerator, Traveling-wave waveguides containing metal discs are calle. : 
. culated using the approximation method of V. Y. Viladimirskiy ("Zh. tekhn. 
fiz, 17, 1269 (1947)) and W. J. Hansen (Appl. Phys., 20, 280 (1949)). In 


a 
cen ee ee fs Pail aa 
=. ft tae, ar 


Hansen's dispersion equation : 
Cara 1/3 Seo die So atin men 
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_ Ry Ty (ha) ~ We fDy (ea) Ne (HB) — Ny (HB) Jy CRD” (3) ws 


are the relative radii of the waveguide or of the disc aperture. » and a 
are the corresponding absolute radii. The phase velocity of the wave in- 
creases continuously along the accelerator. Even when the most effective 
focusing methods available are used, the radius of the proton bunch remains 
smaller than a. For small phase velocities, the increase in efficiency due 
to the decrease in b is compensated by increased attenuation of the field in 
the accelerator. For optimum design of the accelerator, all its parameters 
have to_be properly chosen to render the correspondence complete. when weak 
accelerating fielas are used, the losses in the initial part of a traveling- 
wave linear proton accelerator are advantageously small. At final energies 
of 1000 Mev, however; they are about 1.5 times as large as those in standing- 
wave accelerators. New methods of focusing that are more effective will 
invert this ratio. Since stronger accelerating fiélds can be used, a 
amaller value can be chosen for the total length of a traveling wave proton 


J, I and N are Bessel and Neumann functions, and kb = ano/r or ka = 2na/A , ‘é 
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accelerator than fot that of 
largely compensated by the abd 


sence of 
decelerating the traveling wave. 
waveguides of 10 om wavelength, 
meters in radius; this will considerably increase the efficiency of the 


traveling wave linear proton accelerator. 


There are 6 figures. 
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“PITLEs Choosing the best variant of a linear proton accelerator 


oe 4 : ; t if 
“TEXT: .Two theories arg studied: that of waveguides with dielectric disca — ue 
fitted inside, used to ‘accelerate proton# to high energies, and that of 
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tekhn. inst. AN USSR. Ed. by. T. V. Kukoleva. Moscow, ved 
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-Yadial focusing using alternate focusing and°defocusing lenses. When the ;7 
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: xe = iw(ine + 4noyo2, W denoting the frequenoy-and j. the current density.- Pag ae 
‘ In the case of an axisymmetric field and zero current the product A(r,z) © 


dielectric constant é = &(x,y,2)-and ee ere d= 0(x,y,3) are times _ Py 
= -(4%/c)j holds, where .- Me 


~ R(r)Z(z) is formulated eo as to obtain the components of electric an 
magnetic field strengths: a yore 
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E, = E,J, (mr) ef ot—2; . - 3 
Ep pe AEP Ja (nr) eftet tan, fad) oe 
a a | i 
‘Em , 2 tts : 
Hf ; 


= rr a J, (str) ef (ot— aaa), 
ae +6 3-(2) ' 


- The boundary conditions : 
1 aA 4 aA 
A Jemz,—0 = A Jems, +0! Ee O 28,0 [= ra Oz z=7, 40° (2) 


, si : 
take account of the jump-like change in the properties of the medium at 
Zs zo° The formulas (12) agree with the known expressions for the compo- 


nents of an electromagnetic field in a waveguide containing an anisotropic 

. dielectric, if the following condition is observed: The disca made of a 

_ homogeneous isotropic dielectric, that are fitted inside the waveguide, must 
be equivalent to an anisotropic dielectric having the effective £& components 


i Gard 2/4 en, 2e,, . 
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&.* (ated)/(atb), é.- (atb)e/(act+b). The mean phase velocity in a wave- : ey 


guide containing discs ie smaller than that in an empty waveguide; it ig 


greater than that in one containing a dielectric. The asvenus ton of the 


hem 


fields due to the infinite conductivity is proportional to e7™%. 


e 


» where 


yhoo (13) :: og fi 
a ae 
and m = 2.405/R. The power losses per unit length from a waveguide contains 
ing dielectric discs amount to D,° (1-e°")says. When the structural 


period remains constant, the phase velocity of a wave ina waveguide fitted 
with dieleotric discs is varied by changing the -felative thickness y «= a/bs, 
of the discs. Linear accelerators with alternately arranged magnetic lenses 
possess regions of stable motion in the y and z directions corresponding to 
certain values of magnetic field gradient and lens length. The stability 
condition of the motion in such traveling-wave accelerators reads 


s . a, Qa Av? , 
H’ _ ee ghee . Uae eM (a,~a)). (25), 
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d 
where 1 is the length of the lens. Proceeding from the equation of motion ead 
of a standing wave accelerator with drive tubes when there are six magnetic , i 
lenses per period, the condition obtained for the region of stable particle 
motion is given by - EA 


B IncE wae Sei 3 
oni foun eo ie 


There are 2 figures and 3 tables. 
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. TITLE: Investigating the initial part of a linear electron accelerator 
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waveguide fitted with metal discs. When the entrance field strengths are 
not too high, e.g. eb Si = 180 kev, and f>0.5, the phase oscillations cal- 


culated by the scumise bated approximation. method are correct. The phase 
stability deteriorates in an attenuating field, and is improved by an in- 
creasing field. The amplitudes and frequencies of the phase oscillations: 
derived by numerical integration of the equation of motion for the partidle 
agree tolerably well with those calculated in quasi-classical approximation. 
The numerical results imply a constant waveguide radius in the initial part 
of the accelerator. The effect of the space charge on the phase velocity . 
of the wave is small anyway if the currents are large; it becomes even 
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smaller when the relativistic correction is taken into account. The r-f 
energy absorbed in the accelerated bunch can be disregarded in accelerators 
of low amperage. For accelerators of large amperage, the energy conserva- 
tion equation (av/at) + D + D, = 0 is used to determine the change in the 


accelerating field strength due to absorption of energy in the bunch, and . 
hence the maximum duration of the accelerated particle pulse for which the 
condition for particle acceleration ia fulfilled. W is the power supply of 
the accelerator, D the losses in the walls, and D, the power absorbed by 


the bunch. The flux of accelerated particles can be very large when the 
pulses are short. The longitudinal and transverse electric fields set up. 
by ellipsoidal electron bunches of uniform density are considerably weaker . 
than the accelerating r-f field. Nevertheless, the bunches can greatly 
affect some of the electrodynamical parameters of the syatem. This paper 
was written in 1952. There are 9 figures and B tables. 
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TITLE: Calculation of a linear electron accelerator for 4 Mev 
SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Pis.- 


tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, 
Gosatomizdat, 1962, 231 - 242 


TEXT: A travelling "/2-wave linear accelerator segmented by annular metal a 


discs (as suggested by V. V. Vladimirskiy) is caloulated with the 
Walkinshow-Brillouin (J. Appl. Phys., 20, 634°(1949)) method which ensures — 
high acouracy in determining the phase velocity of the waye and the frequen- ae 
oy of the system. The dispersion relation, - actually a determinant with an/ 
infinite number of rows and lines, need not have more than three rows in 

order to give suffioiently acourate reaults. It is derived using the con= 
tinuity of the tangential componente of the electric and of the magnetic. 
fields and solved by graphical means. Leaving the ratio of thickness 1. 

of the disks to wavelength A unchanged, the solution also remains unchanged. 

It can be used then to calculate the inner radii a of the annular disks for 
any aaa , The spacing between the discs ja then determined by suc- 
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cessive approximation for a Biven h-f power flux 55 at the input of the 


accelerator, taking the loss in power -into account. 


tested at the Fiziko-tekhnicheskiy institut 


Institute AS UkrSSR)., Ford « 10.6493 om, 


The initial 0.7-Mev-. 


AN USSR (Physicotechnical . 
the outer radius of the disks 


section of a 4-Mev linear accelerator was Calculated, constructed, and nr tf 


(wave guide) b = 4.491, and 1 » 0.398 cm, 
The distances between the Single discs had 


23.94 mm between the first and the 44th dis 


creased from 31.26 mm to 39.36 mm. 


the results were as follows; 
to increase from 13.62 mm to  . 
co and the inher diameters ga in 
Experimental and calculated data were | 


in good agreement, so the entire 4-Key accelerator was completed after cal= 


culations with the Bame method. 
was composed in 1953, 


- Card 2/2 
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There are 5 figures and 5 tables. a 
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N. A., Gorbatenko, M. F., Bar'yakhtan, V. G., Shamshanov, A. A. \ 
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TITLE: Linear electron acceleratorafor high energies 
SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Fizs- 
tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, : 
Gosatomizdat, 1962, 243 - 309 ae a 
TEXT 3 This paper, finished in 1955, is a voluminous report on the most oc 


important results obtained at the Fiziko-tekhnicheskiy institut AN USSR i 
(Physicotechnical Institute AS UkrSSR) between 1948 and 1955 as to the = 
proper choice of an accelerating system and its optimum parametera as well 
as on the dynamics of the electrons inside the accelerator. One of the most 
efficient systems is the n/2 traveling wave type accelerator segmented by 
annular metal disks (designed by V. V. Viadimirskiy). The calculation of 
such a waveguide with the Walkinshow-Brillouin method (J. Appl. Phys., 20, 
634 (1949)) is demonstrated. The radial motion of the electrons. in a Bev~ 
reey rag under the action of terrestrial magnetism and gravity should be 
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compensated oy the combined magnetic fielde of rectilinear currents and a 
small number of electromagnets. In such a case, detectors are necessary 
indicating the displacement of the beam by the fields of the correcting Some ales 
magnets. Owing to the great length of linear accelerators, an additional: yO 
radial focusing on the principal section is necessary. In the first section Te 
and in the injector this will be achieved by strong longitudinal magnetic — Ea 
fields. In the principal section radial focusing can be achieved by short - Le 


~1000 oe/cm, or by a system of fcur-pole lenses. Both systems can reduce : 
the beam radius at the output of the accelerator to 0.5 cm. There are : | 
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os QM, 6730 _-:B125/B108 : 
- AUTHORS: Akhiyezer, Ae ey paynbern: Ya. B. 53 2 
. + 1 4 J ; q 
TITLE: Theory of the interaction of charged particles with an eleoteon - r 
beam in'a magnetic field a 
_ SOURCE: Teoriya i raschet lineynykh askesibeie: sbornik statey. Fin. a N 
4 


i . 
TBXT:; This paper presents an estimation of the accelerating fields ocourring 
as, the result of the inverse Cherenkov effect and the inverse effect of ’ 

; polarization losses when a charged particle bunch moving in a longitudinal 


magnetic field H, is entrained by an electron beam. The space charge of the © 


' beam is assumed to be compensated by positive fone.’ The field excited by the {| 

. particles ie described by Maxwell's equations and by the equitions of motion — 

+ of the plasma pertcolee: The voluminous integral in the expression for the , 
energy losses o £ of the particle:is considerably simplified when the 


magnetic field is either very weak (v <1) or very satrong.(v 51): 
Card 1/3 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8" 


"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000412520009-8 


_ rae 2 ae Race eee ities ena ee ae PoE IRS EER a a ie) ee tear Se gE RUT Sy EEG SM 
Ex 2 yd A EEE SAL LEE SRLS Aa Be Oe =~ oe 
Jf 
x ere as ee 
ie ve 3/861/62/000/000/020/022 
Theory of the interaction of... B125/B108 
Ls ary : 4 - 
de yin? | vey oy (1B) 
oe ila (1 +. “sar -— ar 9 — 4*)). (4) 
ae 
‘ and 
fle q 


Rt gee a me 


2Qe ' ; ys o 
| — B%) +t. he a 
ave ( “Bye inf ‘ ime | i (5), 
respectively. q is the charge of the moving particle. The first term of | a 
these two formulas corresponds to the excitation of frequencies having the 
order of magnitude 92 « 4xn,e"/a, whereas the second term corresponds to the 
excitation of frequencies whose order of magnitude is (wo = ¥v). 
v= eH ,/mos, B = t, For small values of V, (5) is not valid since the condi- 
tion V27a% does not continue to apply. The quantity a = 1/k, nex is deter- 


mined by the minimum parameter for remote collisions between the particles 
- and the electrons of the beam. The upper limit for the energy losses, ob- 
tained by inserting the minimum value of the particle velocity V~aSiin (5), 
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is. not much affected by the magnetic field. A charged particle movi 
parallel to an electron beam (v,) loses the energy: 


whee mayne oe 


deg Viv— vy Vent? . , ee ee 

de — gyi (Wavy (t+ Se). (10) ook 
This particle loses energy if V>V, and gains energy if Ve V5: In an : 
electron beam a bunch' practically behaves like a single particle if a : 


enn [ARC -F,) vl. In this case, Kyers et and ky oy vl Fe 4 (11). 
b and vin are the longitudinal and parallel dimensions of the bunch 


in a system where the bunch is at rest. The projection of the field on the 
direction in which the bunch moves remains, below the limit Ew where 


4 
t 


angie b ae 
N is the number of particles in the bunch, b is the greatest length-of the 
bunch. This paper was composed in 1952. 
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. i . ‘ 
TITLE: On the theory of acceleration by means of the pressure of light 
i ‘ 5 ioe 
! SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Fiz.- 


tekhn. inet. AN USSR. Ed. by T. V. Kukoleva. Moscow, 
Gosatomizdat, 1962, 326 = 332 : 
“+: DPEXTs The peeyens of an oscillator produges a pressure that is e % fF 
r2/ (0/0 \* times as high as that produced by the radiation of a free aA 


charge. This is investigated in nonlinear approximation. The motion of a. 
charge in the constant magnetic field q, - Hy is studied under the action 


of a plane polarized monochromatic wave E - HD E008 (w t-kz) propagating 
along the constant magnetic field. Considering that &<1 (true in most 
cases that are important in practice) and _ = $ 3 <1 (true in ‘classics! 


. 


ay: ° 
, ey Vania and allowing for the Raseeetons the nonlinear equations of 
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ti it 
motion for the particle lead to a slightly nonlinear equation for u,sdx,/de, 


and in the oase of steady motion to as 
t—6 
oo 0= aorcle Spay! ‘ 
Spode Ot = at (18 yA bas - 
. . ys 
s \ : : 
for amplitude and phase, using the substitution Up=-a sin Qv+h). For | va 
$+0 a formula is derived from (6) for v,/co leading to an 
d I 
ar): =-S (VM, = > cE f 100s 0 = 
yy (l — B,) eE,, : x ll — BY" <i, (9) 


x (IBM — Ee, BMD 1. 
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for the radiation pressure. Aocording to these formulas the fouve of the 
radiation pressure exerted on the ascillator as averaged over one period — 

cannot exceed a rp and tends toward the value following from the linear 


theory if e(1-p, )! 2 ey. These estimates apply if the acouracy of the 


field is sufficient for a precise resonance. Avoiding the complex equations <n # 
of interaction, the most important properties of a bunch can be determined . 
from investigating a particle having the mass MaNm and the charge zeNe. A ' t 
bunch and a single oscillator furnish identical results if Ny<1. With a 

bunch of that type resonance is achieved even if the field is maintained © 

less acourately. The exact equations of motion considering the radiation 
pressure, can, by averaging, be reduced to linear iqs. 


wa : — Bt — at)? (5 (1 — fp, aye cos-0 — ya} : 


Be. FL ft ee) Bee Oe (10) 


‘ (1 —~ B.) 
Boyt Ti pr— at 


= ay (I= 8.) sin Of 
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‘TITLE: Some problema of particle acceleration in a plasma : = 
SOURCE: Teoriya i raschet lineynykh uskoriteley, sbornik statey. Fizwe 


tekhn. inst. AN USSR. Ed. by T. V. Kukoleva. Moscow, 
Gosatomizdat, 1962, 333 - 346 ; 


{ 
TEXT: The present paper bases mainly on a previous work of the author in. cae 
Atomnaya .energiya, 6, ho. 4, 1959. Further development of accelerating (|. ay 
méthods as worked out hy V. I. Veksler (Proc. Symp. CERN, 1, 80 (1956)) ang; 
G., 1. Budker (Proc. Symp. CERN, 1, 68 (1956)) for high energies and high :' 
currents is very promising. The h-f power required in linear accelerators | 
can be reduced considerably by concentrating the electromagnetic energy to 
the range in which the accelerated particle is moving momentarily. — 
Accelerating fields of more than 200 - 300 kv/cm can be achieved only if | 
the metallic surfaces in the accelerating system are removed either oom- 
pletely or at least to a great extent. To achieve a strong current, the 
radial and the phase stability must be high. The Doppler effect occurring 
ee 7 cla waves are reflected from a moving plasma, and the 
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interaction of a charged particle beam can be used to convert Plasma energy © 
into electromagnetic radiation. Plasma wave guides and non-compensated 
beams allow the electromagnetic energy to be concentrated in systems that . 
have a small cross section. ‘A confined plasma and uncompensated beams act 
as wave guides with insignificant losses already at plasma densities as ‘low 


as 10? - 1019 on™,” ‘The plasma wave guides are transparent to the particles 
to be accelerated and permit simultaneously of both radial and phase 
stability without necessitating the use of additional fdcusing means. 
The condition of radial stability for an arbitrary shape of field is 


1 ; = 

‘ re | yl OE, tot few OH, 0 

Rae ree Aa (I——= &,,) —— dz -+ w? -| ora \-at dz>0, 
2 i Qe . . 


The E and H-waves that are present simultaneously in gyrotropic plasma wave 
guides offer a means for a linear-cyclic acceleration. The amplitude of 

the radial oscillations can be decreased considerably when the frequency is 
varied by a proper choice of the dielectric constants éy1 5 and E€, of the 


(anisotropic) plasma. Brillouin electron clouds have an additional focusing 
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effect and behave like wave guides for £ waves propagating in the direction | 
of the magnetic field. Henoe, Gabor electron lenses can be used for aa" 
accelerating charged particles. The condition of radial focusing is then - 
given by - a 

u vj 


¥ . . 2 “ : 4 i . : 
‘ : ’ : WE 34 * hed % 3 
dai ing (1 Bit? Fay [E+ #(1-3)]>0 t fas 


-» The coherent energy losses can be eliminated by increasing the plasma 
density and the wavelength of the accelerating field. In nonlinear approxi- 
mation the phase velocity of the wave depends on :the frequency and on the — 
wave amplitude. Hence, the phase velocity of the wave can be varied (up ; . 
to rather high values) by changing the amplitude of the accelerating field. : 


; ° 
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TITLE: Reflection of electromagnetic waves from a moving plasma. Investigation 
_of waveguide properties of a plasma - 


PERIODICAL: Fizika plazmy { problemy upravlyayemogo termoyadernogo sinteza; doklady I 
, konferentsli po fizike plazmy {1 probleme upravlyayemykh termoyadernykh 
-reaktaly. Fiz.-tech. inst. AN Ukr. SSR. Kiev, Izd-vo AN Ukr. SSR, 1962, 9-20, . 


TEXT: The first part of the article describes experiments on the reflection of slow electro-— 
magnetic waves from a moving plasma, aimed at ascertaining whether the frequency multi- 
plication and increase in the reflected-wave amplitude attainable in the case of slow waves is | : 
. Sufficient to lead to the development of new methods of amplification of microwaves and ac- a 
- celeration in a plasma, and also to stabilize a plasma. Since the Doppler shift in the frequency 
~ and the change in the amplituds of an. electromagnetic wave reflected from a moving mirror 
“ ean be made appreciable only by increasing greatly the velocity of the reflecting surface or 
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a by changing the phase velocity of the wave in the space where the interaction takes place, and ' 
since it is not practical to obtain high physical mirror velocities (even when an electron tea 1 
beam or a plasma is used as a reflecting surface), the experiment was carried out with an 3 
electromagnetic wave of a phase velocity slowed down to that of the reflecting plasma. The |: 

' slow-wave structure consisted of a helical waveguide comprising a porcelain tube 40 mm in 
diameter, with a helix made of copper wire 0.4 mm in diameter wound at a pitch of 0.8 mm. | 
The experimentally measured phase velocity in the helix was vph/e = 1/200. Aplasma wt 
piston was produced by discharging a 750 microfarad capacitor bank charged to 4.6 kV. At { 
24.76 Mcs, the frequency of the reflected wave was found to be increased by 11 per cent rela~ 
tive to the incident wave, and when the phase velocity was decreased to 1/375 of the velocity =| 
of light, the frequency increased by 20 per cent. The velocity of the plasma piston was cal- 
culated to be v = 8.45 x 10° cm/sec. This effect can be used for amplification and generation i 
of microwaves, acceleration of particles, and various measurements in plasma and also to 
increase the stability of a plasma. hare se, pe 
The second part of the investigation was devoted to waveguide properties of plasma. A eae 
plasma waveguide was produced by a high frequency discharge in a quartz tube 1600 mm long,  . | 
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in which a vacuum of 7 x 107? mm Hg was maintained. The plasma density inthe waveguide = 
could be varied up to 10'! em~3, A slow electromagnetic wave of low power (on the order of ‘ 
1 watt) at frequencies from 160 to 2000 Mcs was excited in the plasma waveguide, andthe re- 
sultant phase velocity of the standing wave was measured as a function of the frequency for | ; 
different plasma densities and for several values of longitudinal magnetic field. A study of | 4 
the dependence of the waveguide field intensity on the high-frequency power applied to the : 
plasma (in the range from 100 to 1. kW) has shown this dependence to be non-monotonic, . 
probably owing to resonance in the plasma column. Other quantities measured were the 
radial dependence of the longitudinal component, the nonlinear distortion of low-power signals 
“passing through the plasma waveguide and the microwave losses in the plasma waveguide. 

The acceleration in the plasma was investigated by means of a small model of a helical- 
plasma accelerator. An analysis of the energy spectrum of the beam, made by electrostatic 

' deflection, shows that the spectrum ig quite broad and that a considerable fraction of the 
electrons had the expected energy near 5.6 keV. This shows that the field is capable of pene- 
trating and reaching the axis of the plasma and that the electrons become accelerated. 

_K. D. Sinel’nikov is credited with suggesting one possible reason for signal distortion in the 
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